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BIOCHEMICAL DIFFERENTIATION IN THE IDAHO GROUND SQUIRREL,
SPERMOPHILUS BRUNNEUS (RODENTIA: SCIURIDAE)

Avesha E. Gill' and Eric Yensen™?

ABSTRACT—Spermophilus brunncus is restricted to a 90 < 125-km area of west central Idaho, with two distinet (northern
and southern) gronps of populations within this limited range. Morphological differences in pelage length and coloration,
external and cranial measurements, and bacnla suggest I e groups are either very distinet snl)spou( s or species. We
used starch-gel electrophoresis to estimate the amount of genetic differentiation accompanying these m()rpl)()l(x(n( al
differences l)\ assaving genetic variation at 31 loci in the two geographic gronps. Fifteen loci were polvinorphic (13 in the
northern gronp, 12 in the sonthern), and mean heterozygosity (H) was high (12.3% northern and 10.8% southern). Nei's
genetic distance (0.057) is in the range usually dcmcmtvd with sul)spf-ufw differences. However, Jaccard’s association
coefficient (0.893) is about the same as that found between several ground squirrel taxa currently recognized as species.
The high levels of heterozygosity snggest that S. brunneus is a neoendemic rather than a paleoendemic species.
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biochemical differentiation.

Spermophilus brunneus is one of the rarest,
least studied, and most geographically restricted
of the North American ground squirrels. Within
its restricted range of ca 90 x 125 ki in west
central 1dahio there are two well-differentiated
subspecies, S. b. brunneus and S. b. endemicus
(Yensen 1991). Significant differences in pelage
length and color, external and cranial measure-
ments and bacular morphology suggest that the
two taxamay be close to specms-level separation
(Yeusen 1991). The northern Spermophilus
b. brunnens is known from only ca 20 isolated
sites i mountain meadows in Adams and Valley
counties. These demes consist of <200 individ-
uals and are separated from each other by dis-
tances of 1-70 k. In contrast, the southem S.
b. endemicus is patchily distributed over a con-
tiguous area 70 km long and up to 20 ki wide
in the lower-elevation foothills of Gen, Payette,
and Washington counties (Yensen 1991).

Davis (1939) divided the North American
species of subgenus Spermophilus into “small-
eared” and “large-eared” groups and placed S.
brunnens wltlnn the large-eared group. Nudler
etal. (1973) found, however, that the karvotypes
of S. brunneus and S. townsendii mollis (small-
eared group) differed only in the presence or
staining intensity of ininor bands on six chiromo-

somes, indicating a close affinity between S.
bmmwus and the small-eared group. Nadler et
al. (1974) analyzed serum transferrins of S.
brunneus using starch-gel electrophoresis and
concluded that it was biochemically “intermedi-
ate” and possibly ancestral to both the Nearctic
“small-eared” and “big-eared” species groups of
subgenus Spermophilus. Nadler et al. (1952)
extended their analysis to 21 Holarctic species
using 18 loci and concluded that S. brunneus
was a l)dle()endeml( species most closely related
to the Eurasian S. dauricus. Nadler et al. (1984)
revised their phylogeny to incorporate clm)m()-
somal dataand placed the evolutionarily conser-
vative S. brunneus within the S. townsendii group.
The present studywas conducted to estimate
the genetic differentiation accompanving the
substantial morphological differences hetween
the two geographic groups of S. brunneus and
to assess the l]\potlwsls that S. brunneuns is a
paleoendemic species  with small, relictual
populations.

MATERIALS AND METHODS

Specimens Analyzed

A total of 82 specimens were analyvzed from
the following localities: Spermophifus brunneus
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brunneus—Adams Co.: 1 mi NE Bear Guard
Station, 3; Bear Cenietery, 2: Cold Springs Cr.,
1. Little Mud Cr., 5; Mill Cr. 3 mi N Hormet

Guard Station, 2: \'ow Meadows, 12: Price
Valley, 2; Lick Cr., Smmmt Cr, (). Sper-
mu})/u[us bmnm'us e Co.:

Sucker Cr. 11 nu N me(*tt, 20; 12.6 mi N
Emmett, 1; Payette Co.: Big s Willow Cr.., 1; Dry
Cr. Road, 3; \\a%lnndton Co.: Lower Mann Cr.,
10: Weiser Cove, 5. Thcse specimens have been
deposited as vonchers in the Albertson College
Museum of Natural History.

Laboratory Methods

Blood was collected from the suborbital
sinus of living animals (samples sizes were 21 S.
b. brunneas, 9 S. b. endemicus). Liver and
kidney tissnes were from sacrificed animals (10
S. b. brunneus, 6 S. b. endemicus) or frozen
carcasses collected for other purposes (18 S. b.
brunneus, 31 S. b. endemicus). Carcasses were
stored at —20 C for 1-6 months.

Tissue samiple preparation and horizontal
starch-gel electrophoresis follow Selander et al.
(1971) with slight modifications. We used 11.0%
electrostarch fm lithium hydroxide gels and
12.4% for all other gels. Enz\ me locus dcsmna-
tions follow .stdndardued hnzyne Commission
(E.C.) nomenclature (ITarris and Hopkinson
1976). The enzymes and nonenzyimatic proteins
screened in this study, with tissue and buffer
systems used, were: alcohol dehydrogenase,
E.C. No. 1.1.1.1 (ADH), liver, tris-citrate, pH
§8.0; glycerol-3-phosphate dehvdrogenase, E.C.
No. 1.1.1.8 (GPD), liver, tris- utrate pH 8.0;
L-iditol - dehydrogenase, E.C. No. 1.1.1.14

(IDDN), liver, tris-citrate, pH 8.0; lactate de-
11_\ (lmg(*n(lso, F.( . No. 1.1.1.27 (LD1), kiduey,
tris-citrate, pH 8.0: malate dehydrogenase, E.C.
No. LL.1L37 (MDI1), liver, tris-citrate, pH 6.3;
isocitrate delivdrogenase, E.C. No. 1.1.1.42
(ICD), kidney, tris-citrate, pI1 8.0: superoxide
disnmtase, E.C. No. 1.15.1.1 (SOD), kidney,
tris-maleate or tris-citrate, pH 8.0 uspzu'tuﬁ*
aminotransferase, E.C. No. 2.6.1.1 (AAT), liver,
lithinm hvdroxide: hexokinase, E.C. No. 2.7.1.1
(1K), l\l(l]lf\ tris-citrate, pI1 8.0; phosphoglu-
comutase, E.C. No. 2.7.5.1 (l’( M), kidnev, tris-
citrate, pH S.0; esterase, 15.C. No. 3.1.1L1(ES),
hemolysate, tris- ll\(ll‘(l(]l]()]l( acid: peptidase,
.C. No. 3.4.11 or 13.° (PEP). liver, tris- citrate,
pIl 6.3; hemoglobin (HGB), hemolysate, tris-
hvdrochloric acid; albumin (AL B), ])](l‘sllhl lith-

imn hydroxide;  transferrin (TRF) plasima,
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lithium hydroxide; general proteins (GP1 and
GP2), hemolysate, tris-hvdrochloric acid; and
general proteins (GP3 and GP4), plasma, tris-
hydrochloric acid. The proteins were numbered
in order of decreasing mobility, with the most
anodal labeled 1.

The buffer and stain systems for the proteins
screened in this study were described by Selan-
der et al. (1971), except for stains for IDDH,
HK, and PEP (Gill et al. 1987). Of the esterases,
only acetylesterases were stained and were
numbered 1 (most anodal) to 5. PEP-C was
detected with L-leucyl-L-alanine. ADH does
not have to be stained specifically and is seen on
many dehydrogenase gels. It was read on gels
stained for (,PD

Computational Methods

Gene frequcncies, measures of genetic vari-
ation, Neis (197S) unbiased genetic distance
and unbiased genetic identity. and the average
inbreeding coefticient (Fg) were derived from
input on single individual genotvpes (elec-
tromorphs) using the computer program
BIOSYS-1 (Swofford and Selander 19S1).
Jaccard’s association coefficient, S, = @/(a+u).
where a = the number of matched elec-
tromorphs (1:1) and u = the number mis-
matched (1:0 or 0:1) (Sneath and Sokal 1973),
was also caleulated for the two groups. S,
depends only npon the presence (1) or absence
(0) of alleles, as indicated by bands on the starch
gels (electromorphs), not on allelic frequencies
as do measures of genetic distance. Negative
matches were excluded.

RESULTS AND DISCUSSION

Spermophilus b. brunneus was polymorphic
at 13 loci (42%), whercas S. b. endemicus was
polvimorphic at 12 loci (39%). If esterases are
excluded, p()]}nmrplnsm is reduced to 31%,
which is similar to the 29% reported for Mus
musculus and Homo sapiens (Lewontin 1974).
Average number of alleles perlocus (A)was 1.48
+ 011 (X += SE) in S. b. brunnens and 1.48 =
0.12in S. b. endemieus. All polymorphic loci had
two alleles, except for peptidase and two of the
esterases, which had three.

Mecan  heterozygosity per  individual per
locus in our sample was 12.3 = 3.7% in S. b.
brunnens and 10.8 + 3.9% in S. b. endemicus.
These valies are much higher than the 2.7%
heterozygosity reported by Nadler et al. (1982)
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for S. b. brunneus. The loci common to both
studies, however, were less variable than some
of our 18 additional loci. Even il esterases are
excluded from the analysis,
genetic variability (S. b. Brunneus, 1 = $.2%, A
=1.35: 8. b. endemicus, H=T7.4%, A = 1. 35)(110
still much higher than theirs. Thev found Il

values of 0.0-10.4% (X =3.5%) forother species
of Spermophilus. Cothran et al. (1977) found
high heterozyveosity (9.3%) in the ground squir-
rel subgenus Ietidomys. The average hetero-
zvgosity for 26 taxa of rodents was 5.4%
(S(‘Lmdm 1975). so 1daho ground squirrels have
relatively high levels of heterozygosity. Thus,
the levels ()f genetic varfabilitv are hwh for a
species postnlatod to be a pal(,ocn(lmm('
(Nadler et al. 1974, Cothran et al. 1977, Nadler
et al. 1952) with small isolated demes and con-
fined to a small geographic area (Yensen 1991).

Sixteen of 31 protein systems scored for S.
brunneus were m(m()mmphic (GPD, LDH-A,
1CD-2, HK-1,2, PGM-1.2., AAT-1.2, TDDII,
SOD-B. ADH, ALB, TRF, GP-1.2). Frequen-
cies of alleles in the pt)l\m()lphlc svstems (the
most common allele <0.99) are shown in Table
1. As in other species (I\()Jnna et al. 1970,
Lewontin  1974), non-glicose-metabolizing
enzymes were more polvimorphic than ghicose-
met al)o]mn(v enzymes with five mnnom()lphlc
(AAT-1.2, ll)[)ll SOD-B, and ADH), while
PEP-C, SOD-A: and all five esterases were poly-
morphic (Table 1). The two taxa of S. brunneus
did not differ substantially in ghicose-metabo-
lizing enzvines, with the majority of loci mono-
morphic, and the same allele common in the
1)()1)111()11)[1i0 loci.

Nadler et al. (1952) found LDH to be mono-
worphicin all 21 North American and Eurasian
Spermophilus species examined. However, we
found two individuals of S. b. brunncus that
were homozygous fora fast allele at the LDH-B
locus. \ddler etal. (1952) assaved from LDH in
red blood cells while we usec ledne) extracts, so
the difference ma\ be between the two tissues.
Both groups of S. “brunneus were pol\mmp]nc
for ICD-1 and HK-3, while only S. b, endemicus
was p()l\ mouplnc for NI\DH-1.

Of the enzvmes not involved in glicose
metabolism, the esterases were the most vari-
able (Table 1). We also found considerable dil-
ferences between S. b. brunneus and S. b.
endemicus in the other non- glucose—metaboliz-
g enzymes. Dif f(‘rentalle]es were common for
PLP C and ES-4 in the two

our ll](‘d%lll'(.‘S ()f

groups  of
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TABLE Allelie frequencies of polvmorphic loci in
Spermophilus brunneus.

Locus® Alelece brunneus

[§ “([I’"lll‘“v\

GLUCOSE-METABOLIZING ENZYMES
L.DII-B a 0.929 1.000
b 0.071 0.000
MDII-1 a 0.000 0.01S
b 1.000 0.911
G 0.000 0.071
1CD-1 a 0.926 0.956
b 0.074 0.014
11K-3 a 0.132 0.097
b 0.565 0.903
NON-GLUCOSE-METABOLIZING ENZYMES:
SOD-A i 0.756 0.957
b 0.214 0.043
PEP-C i 0.365 0.329
b 0.135 0.343
@ 0.500 (.329
ES-1 a 0.179 0.056
b 0.107 0.167
@ 0.714 0.778
ES-2 a 0.969 1.000
b 0.031 0.000
ES-3 a 0.971 0.944
b 0.000 0.056
@© 0.029 0.000
ES-14 a 0.714 0.389
b 0.256 0.611
£S-5 a 0.656 0.944
b 0344 0.056
NONENZYMATIC PROTEINS
[HGB-1 a 0.233 0.667
b 0.767 0.333
HGB-2 a 0.100 0.500
b 0.900 0.500
GP-3 a 0.000 F.000
b 1.000 0.000
GP-4 a 0.962 0.750
b 0.035 0.250

*See text tor ucronyms of loct

*2 Alleles are listed in order of mcreasing mobility: a1s slowest

S. brunnews. In both cases the differences were
in allelic frequency rather than in the presence
or absence of alleles.

Nonenzymatic proteins were scored in both
hemolysate and plasma. Albumin and transfer-
rin in [)Lmnd and two <r(‘n(‘ral proteins in
hemolyvsate were ll]()ll()lll()l‘l)lll(' We found vari-
ability at the two hemoglobin loci and at two
gene ral protein loci in plasma (Table 1),
Heterozygosity of hiemoglobins has been found
in the closely related Townsend's ground squir-
rel (S. townsendii), in which the two hemoglo-
bins have identical a-chains and differ by only
one amino acid in the sequence of their 8- chains
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(Kleinschmidt et al. 1985). They found no
difference in the oxygen affinity of the two
Lemoglobins.

A gvnom] protein in p]usma (GP-3) repre-
sented by a band just anodal to alburin distin-
gnished the two S brunneus. A fast allele
apparently  has  reached fixation in . b.
brunneus, whereas a slow allele appears fixed in
S. b. endemicus (Table 1). This is the only locus
that can serve as a marker gene among the 31
loci scored, although LDH-B and MDH-1 had
alleles that were fixed in one taxon and polymor-
phic in the other. The other presumed loci dif-
fered in allelic frequency only.

Nei's (1978) genetic distance is a measure of
the accunmldtcd number of gene differences
per locus between populations. The genetic dis-
tance of 0.057 found between the two S.
brunneus was within the range associated with
subspecific differentiation (Avise 1974). The
average inbreeding coefficient (Fgr = 0.167)
indicated moderately high genetic differentia-
tion. The two S. brunneus have a genetic iden-
tity of 0.944. By comparison, (,othmn et al.
(1977) found genetic identities  of  0.808
between S. spilosoma and S. mexicanus, 0.835
between S. spilosoma and S. tridecemlineatus,
and 0.965 between S. tridecemlineatus and S.
mexicanus in the subgenus Ictidomys.

To compare our results with other results
from the subgenus Spermophilus (Nadler et al.
1982), we also calculated Jaccard’s association
coefficient. This measure is less sensitive to
sample size and depends on presence or
absence of an allele, rather than on allelic fre-
quencies.  Jaccard’s coefficient of  similarity
between the two groups of S. brunneus was
0.893. Judging from Figure 2 in Nadler et al.
(1982:206), the smnlm ity between the two
groups of S. hrunneus is about the same as the
similarity between S. armatus and S. beldingi,
or between some of the putative semispecies in
the S. townsendii complex, the Eurasian S. sus-
liecus and S. citellus, or S. major and S.
erythrogenys. Spermophilus richardsoni and S.
elegans are more similar (’](’Ltr()l)h()l(‘tl(,‘dl]\
than the two 1daho ground sqmnvls However,
direct comparisons are difficult since the simi-
larity coefficients compnted by Nadler et al.

(19S2) were based on a differe nt, and appar-
ently less v ariable, set of loei,

The electrophoretic data confirm that the
two Idaho grommd squirrels are genetic ally as
well as u1()1})]1()]001&111\ differe ntmt(*(l taxa. The
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evidence does not clearly resolve the question
of whether the two are separated at the subspe-
cies or species level. The presence of one
marker gene and the observed frequency differ-
ences at ()t]]@l‘b could be consistent with either
interpretation. The high levels of heterozygos-
ity, however, do not support the paleoendemic
hiypothesis.
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